DESCRIPTION 



RECORDING MEDIUM, APPARATUS FOR FORMING THE 
RECORDING MEDIUM, AND APPARATUS AND 
METHOD FOR REPRODUCING THE RECORDING 
5 MEDIUM 

1. Technical Field 

The present invention relates to a recording medium, an 
apparatus for forming the recording medium, and an apparatus and 
method for reproducing the recording medium, and more 
10 particularly to a high-density optical disc, such as a BD-ROM 
(Blu-ray Disc-ROM) , and an apparatus and method associated 
therewith . 

2 . Background Art 

15 The recent rapid progress in standardization .of a new 

high-density optical disc, for example, a BD-RE (Blu-ray 
Disc-Rewritable) , capable of recording high-quality video data 
and high-quality audio data for a lengthy period of time has led 
to anticipation that the associated products will be developed 

20 and commercially available. 

The BD-RE has, as shown in Fig. 1, a clamping area, 
transition area, burst cutting area (BCA) and lead-in area defined 
sequentially at the inner periphery thereof, and a data area and 
lead-out area defined respectively at the intermediate portion 

25 and outer periphery thereof. 

The lead-in area is partitioned into a first protection zone 
Protection zone 1, a PIC (Permanent Information & Control data) 
zone, a second protection zone Protection zone 2, an information 
2 zone Info 2, an optimum power control (OPC) zone, etc. Whereas 
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the first protection zone and PIC zone are pre-recorded areas 
where data is pre-recorded in advance, the remaining zones of the 
lead-in area, the data area and the lead-out area are rewritable 
areas where new data is rewritten. 
5 High frequency modulated (HFM) grooves are formed in the PIC 

zone, in which main information of the disc to be permanently 
preserved is stored. These HFM grooves are modulated by a bi -phase 
modulation method to store disc information (DI) , as shown in Fig. 
2 . 

10 HFM Grooves is modulated in the radial direction with a 

rather high bandwidth signal, to create a data channel for 
replicated information with sufficient capacity and data rate. 
As shown in Fig. 2, encoding data into a wobbled groove can be 
performed by the bi -phase modulation. 

15 In the modulation method, a bit with value 0 may be 

represented by a transition at the start of the bit cell and a 
bit with value 1 may be represented by a transition at the start 
and in the middle of the bit cell. The modulated bits may be 
recorded on the disc by a deviation of the groove from its average 

20 centerline as indicated in Fig. 2. The length of each bit cell 
may be 3 6T, where T corresponds to the length of a channel bit 
in the rewritable data areas. 

Meanwhile, the standardization of a new read-only 
high-density optical disc, as well as the BD-RE, is recently under 

25 discussion among the associated companies. 

The new read-only high-density optical disc may be, for 
example, a BD-ROM, which has, as shown in Fig. 3, an inner area, 
clamping area, transition area, information area and rim area. 
The information area includes a data zone where main data, such 

30 as an A/V stream, is recorded while being encrypted by CPI (Copy 
Protection-related Information) for illegal copy protection. 
The information area further includes a PIC zone for recording 
the CPI and DI . Therefore, an optical disc device detects the 
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CPI recorded in the PIC zone in initial servo operation, and then 
reproduces the main data encrypted and recorded in the data zone 
while decrypting it using the detected CPI. 

However, it may be possible to illegally store the BD-ROM 
5 data stream decrypted and reproduced by the optical disc device 
in a storage medium, such as a hard disk drive (HDD) of a personal 
computer, and illegally make a BD-ROM without CPI using a BD-ROM 
formatter and mastering machine. In this case, since the 
illegally made BD-ROM has no CPI, but is recorded with the 

10 decrypted data stream, it becomes the same as a legally made 
BD-ROM that has no CPI and is recorded with an unencrypted data 
stream. For this reason, it is not possible to make a distinction 
between the legally made BD-ROM and the illegally made BD-ROM. 
However, there is currently no efficient solution to such a 

15 problem. 

3 . Disclosure of Invention 

Therefore, the present invention has been made in view of 
the above problem, and it is an object of the present invention 
20 to provide an optical disc to which a contents protection system 
making it hard to illegally copy the disc is applied. 

It is another object of the present invention to provide 
an optical disc which enables an accurate and easy distinction 
between a legally made optical disc and an illegally made optical 
25 disc. 

It is a further object of the present invention to provide 
an apparatus for forming an optical disc, which is capable of 
effectively protecting the disc from illegal copying. 

It is a further object of the present invention to provide 
30 an apparatus for forming an optical disc, which is capable of 
making an accurate distinction between legal copying of the disc 
and illegal copying thereof. 

It is a further object of the present invention to provide 
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an apparatus for forming an optical disc to be not normally 
reproduced, when illegal copying is attempted. 

It is another object of the present invention to provide 
a reproduction apparatus and method which can make an accurate 
5 distinction between a legally made optical disc and an illegally 
made optical disc. 

It is yet another object of the present invention to provide 
a reproduction apparatus and method which can restrict 
reproduction of an illegally made optical disc. 

10 In accordance with an aspect of the present invention, the 

above and other objects can be accomplished by the provision of 
a recording medium wherein copy protection-related information 
and identification information indicative of recording or 
non-recording of the copy protection-related information are 

15 recorded in a specific area as a wobbled pre-pit type. 

In accordance with another aspect of the present invention, 
there is provided an apparatus for forming a recording medium, 
comprising: a copy protection controller for separating control 
data and main data from a file inputted thereto and generating 

20 copy control data. 

In accordance with a further aspect of the present 
invention, there is provided an apparatus for reproducing a 
recording medium, comprising: a ROM-mark decoder for decoding 
copy protection-related information and identification 

25 information indicative of recording or non-recording of the copy 
protection-related information read from a specific area of said 
recording medium; key detector acquiring a decryption key for 
decryption of main data from the decoded copy protection-related 
information; decryption unit decrypting the main data using said 

30 decryption key; and decoding unit decoding the decrypted main 
data . 

In accordance with another aspect of the present invention, 
there is provided a method for reproducing a recording medium, 
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comprising the steps of: a) confirming copy protection-related 
information and identification information indicative of 
recording or non-recording of the copy protection-related 
information from a specific area of said recording medium; and 
5 b) judging by the confirmed copy protection-related information 
and identification information whether said recording medium has 
been illegally copied. 

In accordance with yet another aspect of the present 
invention, there is provided a method for reproducing a recording 
10 medium, comprising the steps of: a) detecting a plurality of 
contents specific information from said recording medium; and b) 
judging whether said recording medium has been illegally copied, 
by comparing the plurality of detected contents specific 
information . 

15 

4. Brief Description of Drawings 

The accompanying drawings, which are included to provide a 
further understanding of the invention, illustrate the preferred 
embodiments of the invention, and together with the description, 
20 serve to explain the principles of the present invention. 

Fig. 1 is a view showing the structure of a BD-RE; 

Fig. 2 is a view showing HFM grooves formed in a PIC zone 
of the BD-RE; 

Fig. 3 is a view showing the structure of a BD-ROM; 
25 Fig. 4 is a view showing a recorded state of CPI and a CPI 

flag on a BD-ROM according to a first embodiment of the present 
invention; 

Fig. 5 is a view illustrating a procedure of illegally 
copying the BD-ROM according to the first embodiment of the 
30 present invention; 

Fig. 6 is a view illustrating the operation of a formatter 
which copies the BD-ROM according to the first embodiment of the 
present invention; 
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Fig. 7 is a block diagram showing the configuration of an 
apparatus for reproducing the BD - ROM according to the first 
embodiment of the present invention while judging whether it is 
an illegally copied disc; 
5 Fig. 8 is a view showing a recorded state of CPI, a CPI flag 

and contents specific information on a BD-ROM according to a 
second embodiment of the present invention; 

Fig. 9 is a view illustrating the operation of a formatter 
which copies the BD-ROM according to the second embodiment of 
10 the present invention; and 

Fig. 10 is a block diagram showing the configuration of an 
apparatus for reproducing the BD-ROM according to the second 
embodiment of the present invention while judging whether it is 
an illegally copied disc. 
15 Features, elements, and aspects of the invention that are 

referenced by the same numerals in different figures represent 
the same, equivalent, or similar features, elements, or aspects 
in accordance with one or more embodiments. 

20 5 . Modes for Carrying out the Invention 

Now, preferred embodiments of a recording medium, an 
apparatus for forming the recording medium, and an apparatus and 
method for reproducing the recording medium according to the 
present invention will be described in detail with reference to 
25 the annexed drawings . 

A recording medium, for example, a BD-ROM, according to the 
present invention has an inner area, clamping area, transition 
area, information area and rim area, as stated previously with 
reference to Fig. 3. 
30 In a first embodiment of the present invention, main 

information of the disc, or disc information (DI) , is recorded 
in a PIC zone of the information area, as shown in Fig. 4. CPI 
(Copy Protection-related Information) is further recorded in the 
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PIC zone as a key value for decryption of main data, such as an 
A/V stream, in the case where the main data is recorded in a data 
zone of the information area under encryption. No CPI is recorded 
in the PIC zone in the case where the main data is recorded in 
5 the data zone while unencrypted. Identification information 
indicative of the recording or non-recording of the CPI, for 
example, a CPI flag CPI_Flag having a size of 1 byte, is recorded 
in the CPI or separately in the PIC zone. 

The CPI is recorded in a bi -phased HFM groove type in the 
10 PIC zone in a similar manner to in the above-mentioned BD-RE 
structure, but in a wobbled pre-pit type bi-phased in the PIC 
zone in a different manner from in the BD-RE structure. The CPI 
flag is recordable in the wobbled pre-pit type in the PIC zone, 
too. Alternatively, the CPI flag may be recorded in a straight 
15 pre-pit type. 

Details of the CPI flag, the value of the CPI flag, CPI data, 
and contents specific information (CSI) to be described below 
are secretly provided by a contents provider, while not 
externally known. The CPI flag, CPI and CSI are used to protect 
20 the disc from illegal copying and restrict reproduction of an 
illegally copied disc. 

Accordingly, the BD - ROM can be made through legal processes 
in two modes. In mode 1, copy protected contents are recorded 
on the BD-ROM. Main data is recorded in the data zone while being 
25 encrypted, and CPI for decryption of the encrypted main data and 
a CPI flag, for example, x CPI_Flag=l ' , indicative of the 
recording of the CPI are recorded in the PIC zone. In mode 2, 
copy free contents are recorded on the BD-ROM. Main data is 
recorded in the data zone while unencrypted, and only CPI flag, 
30 for example, x CPI__Flag=0 ' , indicative of non-recording of CPI 
is recorded in the PIC zone. 

Fig. 5 illustrates a procedure of illegally copying the 
BD-ROM according to the first embodiment of the present invention, 
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and Fig. 6 illustrates the operation of a formatter. 

Where the BD-ROM copying is attempted, a BD-ROM made 
through the legal process (mode 1 or mode 2) is reproduced by 
an optical disc device 100, such as a BD-ROM recorder or player, 
5 while the reproduced data stream is illegally stored in a storage 
medium 20 0 such as an HDD of a personal computer. Then, the 
copying of a BD-ROM 2 0 is attempted through a BD-ROM formatter 
300 and mastering machine 400 on the basis of a data stream stored 
under decryption as input thereto. 

10 On the other hand, the BD-ROM formatter 3 00 includes a copy 

protection control chip (CPCC) . Inputted to the CPCC of the 
BD-ROM formatter 300 is a contents authoring code file provided 
by the contents provider, which contains control data, such as 
CPI and a CPI flag, and main data such as an A/V stream. The 

15 BD-ROM formatter 3 00 separates the control data and main data 
from the inputted contents authoring code file through the CPCC 
and formats the separated control data and main data such that 
they are suitable to a BD-ROM standard. Thereafter, the 
mastering machine 400 makes a mass-copyable master using the 

20 output of the BD-ROM formatter 3 00 inputted thereto. 

In this case, if the control data contained in the contents 
authoring code file is legal, the CPCC outputs the control data 
in a state of being separated from the main data. However, where 
the control data is not legal or there is no control data in the 

25 contents authoring code file, the CPCC generates and outputs 
control data containing a CPI flag fixed at *CPI_Flag=l' and 
wrong CPI or no CPI . 

For legal disc making, a legal contents authoring code file 
containing control data, such as legal CPI and a legal CPI flag, 

30 and main data is applied to the BD-ROM formatter 3 00 . For example, 
where a disc to be legally made is of a copy protected mode type, 
a legal contents authoring code file containing CPI and 
*CPI_Flag=l' is inputted to the BD-ROM formatter 3 00. 
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Alternatively, where a disc to be legally made is of a copy free 
mode type, a legal contents authoring code file containing no 
CPI and only x CPI_Flag=0' is inputted to the BD-ROM formatter 
300. The BD-ROM formatter 300 formats the legal control data 
5 and main data separated through the CPCC such that they are 
suitable to the BD-ROM standard, and the mastering machine 400 
makes a master. 

However, in the case where the illegal disc copying is 
attempted, only a data stream, or main data, illegally stored 
10 in the storage medium is inputted to the BD-ROM formatter 300, 
or an illegal contents authoring code file containing the main 
data and illegal control data is inputted to the BD-ROM formatter 
300 . In this case, the BD-ROM formatter 300 formats wrong control 
data containing a CPI flag fixed at v CPI_Flag=l' and wrong CPI 
15 or no CPI, and the main data. 

Meanwhile, the CPCC is provided to a licensee normally 
authorized by a licensor, but may be manufactured by a specific 
user with intent to illegally copy. 

However, since the CPI or an algorithm for generating CPI 
20 is secret information that is not open to the public in any case, 
the illegally manufactured CPCC cannot normally generate the CPI 
and, even if it can, the generated CPI cannot help radically 
differing in either format or value from the CPI configured by 
the licensor. As a result, even though the CPCC is illegally 
25 manufactured and used to illegally copy a disc, the disc cannot 
be normally reproduced. 

Fig. 7 is a block diagram showing the configuration of an 
optical disc device for reproducing the BD-ROM according to the 
first embodiment of the present invention while judging whether 
30 it is an illegally copied disc. As shown in this drawing, the 
optical disc device comprises a ROM-mark decoder 50, key 
decryption/decoding unit 51, main data decryption unit 52 and 
main data decoder 53 in the form of hardware or software. 
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The ROM-mark decoder 50 acts to decode CPI and a CPI flag 
recorded in the PIC zone of the BD-ROM, and the key 
decryption/decoding unit 51 acts to decrypt and decode the CPI 
into a decryption key value for decryption of main data and output 
5 the decryption key value to the main data decryption unit 52. 
The main data decryption unit 52 acts to decrypt an encrypted 
main data stream using the decryption key value, and the main 
data decoder 53 acts to decode the decrypted main data stream 
into the original data and reproduce the decoded data . 

10 Where CPI_Flag of % 1' and normal CPI are recorded in the 

PIC zone of the BD-ROM, or CPI_Flag of x 0 ' and no CPI are recorded 
in the PIC zone of the BD-ROM, the ROM-mark decoder 50 judges 
the BD-ROM to be a legally made disc and thus reproduces it 
continuously. However, where CPI_Flag is recorded as x l' in the 

15 PIC zone of the BD-ROM, but no CPI or abnormal CPI is recorded 
therein, the ROM-mark decoder 5 0 judges the BD-ROM to have been 
made through an illegal process and thus outputs a playback stop 
control signal to the main data decryption unit 52, so as to 
compulsorily stop the data playback operation. 

20 In a BD-ROM according to a second embodiment of the present 

invention, as shown in Fig. 8, a plurality of contents specific 
information (CSI) , such as Title__ID or Provider_ID etc., are 
recorded in a PIC zone of a lead-in zone in addition to DI, CPI 
and CPI_Flag. The CSI 1 and the CSI 2 are separately recorded 

25 in different formats. That is, the CSI 1 is recorded, for example, 
in a wobbled pre-pit type and the CSI 2 is recorded in a general 
straight pre-pit type. The CSI 2 may be recorded in a zone other 
than the PIC zone, preferably in the lead-in zone rather than 
a data zone or lead-out zone. 

30 Fig. 9 illustrates the operation of a formatter which 

copies the BD-ROM according to the second embodiment of the 
present invention . 

Inputted to the CPCC of the BD-ROM formatter 3 00 is a 
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contents authoring code file containing control data, such as 
CPI_Flag, CSI and CPI, and main data such as an A/V stream. The 
BD-ROM formatter 3 00 separates the control data and main data 
from the inputted contents authoring code file through the CPCC 
5 and formats the separated control data and main data such that 
they are suitable to the BD-ROM standard, as stated previously 
with reference to Fig. 6. 

In this case, if the control data contained. in the contents 
authoring code file is legal, the CPCC outputs the control data 

10 in a state of being separated from the main data. Particularly, 
the CPCC generates the same two (for example, CSI 1 and CSI 2) 
or more CSI as that contained in the control data and outputs 
the generated CSI while the CSI 1 being included in outputted 
control data and the CSI 2, etc. being included in outputted main 

15 data. However, where the control data is not legal or there is 
no control data in the contents authoring code file, the CPCC 
generates and outputs control data containing a CPI flag fixed 
at x CPI__Flag = l' and wrong CPI or no CPI. In particular, in the 
case where CPI_Flag and CPI are legal, but there is illegal CSI 

20 or no CSI contained in the control data, the CPCC generates no 
CSI or wrong CSI, or generates two or more CSI different each 
other and outputs the different CSI while one of the generated 
CSI being included in the outputted control data and the others 
being included in the outputted main data, respectively. 

25 Fig. 10 is a block diagram showing the configuration of an 

optical disc device for reproducing the BD-ROM according to the 
second embodiment of the present invention while judging whether 
it is an illegally copied disc. As shown in this drawing, the 
optical disc device comprises a ROM-mark decoder 60, CSI data 

30 decoder 61, illegal disc judgment unit 62, key 
decryption/decoding unit 63, main data decryption unit 64 and 
main data decoder 65 in the form of hardware or software. 

The ROM-mark decoder 5 0 decodes CPI and CPI_Flag recorded 
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in the PIC zone of the BD-ROM. The decoder 50 also decodes CSI 
1 of the wobbled pre-pit type. The CSI data decoder 61 decodes 
CSI 2 of the straight pre-pit type. If the values of the decoded 
CSI 1 and CSI 2 are equal, the illegal disc judgment unit 62 judges 
5 the BD-ROM to have been made through a legal process and thus 
reproduces it continuously. However, where no CSI or wrong CSI 
is recorded in the PIC zone of the BD-ROM, or the values of the 
decoded CSI 1 and CSI 2 are not equal, the illegal disc judgment 
unit 62 judges the BD-ROM to have been made through an illegal 

10 process and thus outputs a playback stop control signal to the 
main data decryption unit 64, so as to compulsorily stop the data 
playback operation. 

As apparent from the above description, the present 
invention provides a recording medium, an apparatus for forming 

15 the recording medium, and an apparatus and method for reproducing 
the recording medium, wherein it is hard to illegally copy an 
optical disc, and it is possible to make an accurate and easy 
distinction between a legally made optical disc and an illegally 
made optical disc. Further, it is possible to effectively 

20 protect an optical disc from illegal copying and restrict 
reproduction of an illegally made optical disc. 

Although the preferred embodiments of the present 
invention have been disclosed for illustrative purposes, those 
skilled in the art will appreciate that various modifications, 

25 additions and substitutions are possible, without departing from 
the scope and spirit of the invention as disclosed in the 
accompanying claims . 
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